Introduction
It has long been known that oxygen evolution in chloroplasts is inhibited in the presence o f high con centration o f N H 4C1 [1, 2] . The active species is the uncharged base NH 3 [1 -3] . The inhibition site of N H 3 was observed to be located before the donor site of N H 2OH within photosystem II [2] thus indicating that N H 3 inhibits electron transport near the water splitting reaction. More recently, the effect of N H 4C1 on the S states o f the oxygen evolv ing system has been investigated in detail in chloro plasts [4, 5] and in Chlorella [5] . It has been shown by luminescence measurements [4] and by measur ing the turnover times o f the S states [5] In this article the effect of N H 4C1 on the kinetics of deactivation of S2 in Chlorella in the presence of 3-(3,4-dichlorophenyl)-1,1 -dimethylurea (DCMU) was investigated in more detail. The S2 state was created by continuous illumination of dark adapted Chlorella cells in the presence of DCMU. Under these conditions the deactivation of S2 cannot be followed by oxygen evolution measurements. There fore, the kinetics of deactivation was monitored by the kinetics of the back reaction as derived from luminescence measurements. Experimental evidence accumulated thus far suggests that there is a close correspondence between both reactions [4, 5] .
This method is based on the observation that in Chlorella the deactivation reaction o f the S2 state is initiated by electron back transfer from the primary electron acceptor Q~ of photosystem II to its oxidizing side [6, 7] . According to the recom bination hypothesis the back reaction is accom panied by luminescence [8, 9] . This offers the possi-bility to evaluate the kinetics o f the back reaction from luminescence measurements [10] [11] [12] .
Using this method, investigation o f the effect of N H 4C1 on the kinetics o f the back reaction of S2 in Chlorella in the light o f the theory of the back reac tion developed by Mar and Roy [10] revealed that stabilization of the S2 state in the presence of N H 4C1 cannot be attributed to binding of N H 3 to S2 but rather is due to the restriction o f the mobility of the recombining species because of changes of the conformational state of the membrane induced by dissolution of high amounts o f N H 3 within the lipid phase of the thylakoid membrane.
Materials and Methods

Preparation o f the Chlorella samples
Chlorella fusca was cultivated as described by Soeder et al. [13] . Chlorella cells were taken from a synchronous culture always at the same time shortly after the release o f the autospores (in the 24th hour of the synchronous cycle). They were kept in dark until use within one hour later. The cells were then harvested by centrifugation at 25 °C, washed and resuspended in 67 mM potassium phosphate at pH values and Chi concentrations as indicated in the legends to figures. After addition of 20 ^m DCMU the suspension was continuously stirred for 10 min. The incubation time for N H 4C1 was 30 min. DCMU was obtained from K & K Lab. and was recrystalliz ed twice from benzene. Chlorophyll was determined as described previously [12] ,
Preparation o f spinach chloroplasts
Chloroplasts were isolated from market spinach according to the following procedure. Approximate ly 20 g o f fresh spinach leaves (without ribs) were suspended in a buffer solution containing 50 mM TES-buffer pH=7.9, 0.4m sucrose,10mM NaCl, 20mM ascorbate, and 5mMMgCl2. They were homogenized for 10 sec in a blender, filtered through two layers of nylon cloth (mesh width 70x70|im ), and centrifuged for 5 min at 200xg. The supernatant was then centri fuged at 1000x0-for 15 min. The sediment was incu bated in the isolation buffer and was stored at 0°C until use one hour later. Chlorophyll was determined by the method of Amon [14] , The chloroplasts were incubated with DCMU for 10 min in the dark. Before each measurement the sample was kept in the dark for 15 min.
Determination o f the kinetics o f the back reaction
The kinetics o f the back reaction in Chlorella in the presence of DCM U was determined from the luminescence decay curve according to the method described earlier [11, 12] . This method correlates the partial and total light sums o f luminescence with the time course o f the oxidation o f the reduced primary electron acceptor Q~ o f photosystem II in the seconds region. The theory [11, 12] leads to the following expression of Mar and Roy [10] which is used in this paper in order to interprete the experimental results.
Lavorel [8] has emphasized that the high photo chemical rate of the reaction center of photo system II can hardly be explained by assuming that the components of the reaction center are freely diffusable. Within a fixed reaction center complex the kinetics of the back reaction is then expected to be strictly monomolecular.
Contrary to this view, Mar and Roy [10] hold that, in spite of the relatively rigid structure of the reaction center, the rate of the back reaction is nevertheless controlled by the rate o f diffusion of the primary electron acceptor Q~ and of the oxidiz ed electron donor Z+ * within a limited solid state like lipoprotein region of the membrane. Elabora tion of this idea [10] leads to the following expres sion for the kinetics of the back reaction.
The (Fig. 1) and  in isolated chloroplasts (Fig. 2) . Addition o f Valinomycin enhances this effect o f NH 4C1 in chloroplasts (Fig. 2) .
This delay effect o f N H 4C1 on the kinetics of the back reaction cannot be attributed to the uncoupling action o f this compound. This conclusion may be * Note that W in Eqn (4) is defined reciprocally to the expression given by Mar and Roy [10] . This is necessary because only then the free energy o f activation A G is enhanced and consequently the back reaction slowed down when the ion potential V is opposite in polarity to the transmembrane electric field. (Fig. 3) .
** The delay effect o f N H 4C1 on the integrated luminescence intensity in chloroplasts has
Further information on the mechanism of action o f NH 4C1 was obtained by investigating the kinetics o f the back reaction in Chlorella in more detail. This was done using the theory of Mar and Roy. It generally predicts non-first order kinetics (Eqn (2)). First order kinetics may only be derived from theory as an approximate solution at very small values of the kinetic constant D (high value of the entropy of activation J S +).
The theory of Mar and Roy was preferred be cause our results do not lend support to first order theory as a generally applicable concept. In most chloroplast preparations the kinetics o f the back reaction was observed to be first order but devia tions from first order kinetics were sometimes found to occur. In Chlorella, the kinetics is generally not first order in the stationary light-adapted state but after flash-excitation it was found to be first order or not first order depending on the culture condi tions. These observations indicate that, in spite of the fact that non-first order kinetics may always be formally decomposed into two first order com ponents, two different chemical reactions are not involved but only one. If in principle two back reactions occurred, they would be expected to the present in any case regardless whether the back reaction is initiated by flash or continuous illumina tion. Therefore it was assumed in the following that the back reaction involves only one electron donor (Q-, in the presence of DCMU) and one electron acceptor on the oxidizing side of photosystem II (the S2 state) and that the differences in kinetic order are due to changes in membrane ultrastruc ture.
In fact, it has been demonstrated earlier [11, 12] that, in Chlorella, the kinetic results obtained in the light-adapted state fit well into the theory of Mar and Roy. It is justified, therefore, to study the -induced kinetics) or 30 sec  (kinetics in the light-adapted state) , respectively. C0 and C denote the maximal concentration of Q" or its concentration at time t, respectively. A H * may be determined by measuring the tempera ture dependence of the rate constant C. This has been done in the presence o f 100 mM N H 4C1 in Chlorella (Fig. 5). Evaluation o f the kinetic data (Fig. 6 (Fig. 1) . But it was observed that the kinetics o f the back reaction in the presence of 750 mM N H 4C1 -an amount which is sufficient to abolish 0 2 evolu tion -progressively is slowed down with increasing pH (Fig. 7) . This indicates that the delay effect depends on N H 3 concentration and not on that of NH+ -a result clearly not compatible with the first hypothesis.
Therefore, it has to be concluded that dissolution of N H 3 within the thylakoid membrane inhibits the diffusion controlled recombination reaction o f the electron donor Q~ and electron acceptor S2 of the back reaction. Since N H 3 is thought to bind to the S2 state [4, 5] , an attractive explanation of the effect o f N H 3 on the back reaction would be to assume that binding of N H 3 to S2 restricts the mobility of the charge carrying prosthetic group of the water splitting enzyme. However, this explanation can be ruled out because after complete inhibition of Oz evolution by N H 3 the kinetics of the back reaction should remain unaffected when the concentration of N H 4C1 is further increased. This was not observed. Though 0 2 evolution is abolished in the presence of 250 mM N H 4C1 (Fig. 8) , the kinetics is further slowed The values of tp0 and (px were found to be only slightly decreased (< 10%) in the presence of 100 mM N H 4C1 [18] . Measurement of the fluores cence induction curves in the presence of N H 4C1 at various concentrations up to 400 mM as indicated in Table I 
